This Symposium is intended to bring together the often distinct cultures of the Stability and 
Control (S&C) community and the Computational Fluid Dynamics (CFD) community. The 
COMSAC program is itself a new effort by NASA Langley to accelerate the application of high- 
end CFD methodologies to the demanding job of predicting stability and control characteristics 
of aircraft. This talk is intended to set the stage for needing a program like COMSAC. It is not 
intended to give details of the program itself. 
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While there are many reasons to have this Symposium, a direct motivation for this event was the 
Flight Prediction Workshop. 




NASA-DoD Flight Prediction Workshop 

November 19-21, 2002 


Invitation-only meeting (85 
attendees) to share critical 
issues in state of the art 

Stability & control deficiencies 
& impacts highlighted as high 
priority 

Lack of robust, accurate tools 


• Recommendation for follow-on 
workshop on S&C predictions 


Summary 
Of The 
NASA/DoD 
Workshop 
On 

Aerodynamic 

Flight 

Predictions 


WtiMpmsPir/y. VA 
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Outline 



• S&C challenges 

• Aero prediction methodology 

• CFD applications 

• NASA COMSAC planning 

• Objectives of symposium 

• Closing remarks 





This chart, by Doug Ball of Boeing Commercial, highlights the large amount of wind tunnel 
resources that are dedicated to determining stability and control characteristics, certification 
requirements, and low-speed lines. CFD has not generally penetrated these needs areas. 


Boeing Commercial Perspective 
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Impacts occur across of vehicle classes— 767, F/A-18E, C130J, T-45,X-43 Stack, 111 , Lear 23, 
AV-8B, and 737NG. 


• 767— Stall for 767-400 model with raked tips more rapid than expected— vortilon pattern 
had to be developed 

• F/A-18E— wing drop at transonic speeds. Impact: program almost canceled. 

• C-130J— wing drop due to propeller induced effects. Impact: delayed deliveries, 
increased development costs 

• T-45— low speed approach wing drop. Impact: redesigned wing 

• X-43 Stack— inaccuracies of S&C aero data base. Impact: lost research vehicle 



• 111 — missed horizontal tail effectiveness. Impact: larger than needed horizontal 

• Lear 23— Laminar separation bubble breakdown leading to wing drop on approach. 
Impact: safety of flight, development costs 

• AV8B— wing drop and wing rock. Impact on operational envelopes (considered minimal) 

• 737— 737NG (400 to 800) sensitivity to wing rigging with unacceptable number of 
aircraft not passing acceptance flights. Impact: production expenses and development 
costs 
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Results of Unpredicted S&C 


Unexpected development 
activities 

- Wind-tunnel tests 

- Flight tests 

- Flight controls 

Non-optimum modifications or 
operational limitations 

Delayed delivery schedules 

Increased development costs 
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S&C Challenges 


S&C is a key enabling technology for all vehicle 
classes 

Major element in aircraft development programs 

- Over 65% of non-propulsion wind-tunnel test hours 

- Extensive piloted simulator studies 

- Major impact on design of flight controls 

- Requires unique test aircraft & flight tests 

Despite best practices, virtually every new aircraft 
program encounters unexpected aerodynamic S&C 
problems 

- Cut-and-try in flight solutions 
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Existing tools and methods for predicting characteristics when flow is primarily attached are 
adequate. However, when separation becomes significant, analytical tools are inadequate and 
CFD methods have not been calibrated, in general. 



Aero S&C Prediction Issues 


Separated flows 
Complex phenomena 

- Nonlinear 

- Time dependent 

- Mach & RN sensitivities 

- Configuration 
sensitivities 

Limitations of current 
methods 
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While wind tunnel availability is decreasing, needs for aero data bases are increasing. 
Computational tools will be needed to complement wind tunnel data to an increasing extent in 
the future. 



Complications 


Wind-tunnels 

- Closures may reduce availability of g 
experimental databases 

- Limitations of dynamic test rigs : , 

- Difficult to determine flow physics 
Simulation-based procurement 

- Extensive aero data packages required Ik 

Accurate aero data more critical tor 
increasing reliance on automatic control 
systems 
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As will be reported in this Symposium, current and emerging CFD methods offer the exciting 
promise of new approaches to address the S&C needs. This will be even more important as 
emerging flow-control concepts are brought on line. 


Future Opportunities 


• Application of current Si emerging CFD 
methods 

• Emerging flow-control concepts 

- Active flow control 

- Smart structures 

• We must understand flow physics to properly 
implement emerging concepts 
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The pyramid shows the general evolution of algorithms and computer power as a function of 
decade. The level V is labeled RANS+ because of the addition of methodologies such as either 
Large Eddy Simulation (LES) or Detached Eddy Simulation (DES). The bottom line is that there 
are new developments in algorithms which, when combined with increasing availability of 
computer resources, will enable the community to address problems that previously were 
untenable. The challenge now facing the CFD community is to take the latest levels of 
technology and begin making the sort of impacts in the stability and control arena that it has 
already made in the performance arena. 


Ifcsl Evolution of CFD Applications 


+■ UNSTEADY SEPARATED 


lyjMWBWOKBJMWMWPH. 

+ VISCOUS 



+ ROTATION 


U.iusjfl9m3di*il!»^ir!at fnWud 


+ NONLINEAR 


jjjNEABjjran-jAUawn — 

INVISCID, IRROTATIONAL, LINEAR 
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This list shows just a few of the many applications that have been addressed by the authors 
reporting during this Symposium. This is merely to communicate that a lot of work has already 
been done by a lot of organizations. 



Samples of CFD Applications 


Civil 

Static stability 

- Pitch up of swept wings 

- Longitudinal trim 

Control 

- Hinge moments 

- Aileron/ spoiler effectiveness 


Military 

Dynamics 

- Spin damping 

- Roll damping 

Static stability 

- Pitch up of swept wings 

- Forebody shape effects on 
directional stability 

- Longitudinal trim 

- Lateral stability 

- Store carriage 

- Wing drop 

Control 


- Hinge moments 



Demonstrating worth of CFD in S&C area by comparing to benchmark data 
will accelerate adoption of CFD tools by S&C community 
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I would like to show one example with which I am familiar that comes from the Abrupt Wing 
Stall (AWS) program. This work was by Jim Forsythe and utilized a Detached Eddy Simulation 
(DES) implementation. The insight into the flow physics of this example changed the thinking 
of the S&C folks. 



Unsteady Transonic Separation 

(DES, Forsythe) 


Unsteady rolling 
moments can cause 
transonic wing drop 

Good initial correlation 
with experimental data 

Changed the way we 
were thinking ! 
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While there are examples of successes in applying CFD to S&C problems, it is still unclear 
within and outside of the CFD community that the current state-of-the-art is up to the task of 
predicting the very complicated, sometimes time dependent, flows associated with massively 
separated flows. What is clear, however, that it was appear that if separation is a large player in 
the flow field, it will be necessary to bring to the problem RANS or RANS+ levels of 
technology. This means that large resources will be required to address these problems. So 
ways will have to be found apply these codes with as much automation and robustness as 
possible. Of course, CFD credibility must be established in the S&C community by 
demonstrating that the codes can predict the answer before knowing it. Finally, while cultural 
differences are a challenge in bringing together the two disciplines, some of the reduced 
accuracy requirements associated with S&C may reduce some of the resource requirements. 


Major Challenges 

• Despite promising examples, it is unknown if current 
CFD state-of-the-art is adequate 

• Higher fidelity codes (RANS or RANS+) mandatory 
to determine onset and character of separation 

- Code friendlines s/rc liability (robustness w/o expert user) 

- CFD uncertainty (algorithm, turbulence, grids, etc.) 

- CFD resource requirements (MP and CPU time) 

• Lack of CFD credibility and validation in eyes of 
experimentally-based S&C community 

• Cultural differences between CFD and S&C 
communities 
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This chart contrasts the differences between the two communities. 



Cultural Differences 


CFD'ers 


S&C’ers 


Flow physics 

Forces & Moments 

Incipient separation 

Massive separation 

Lift, Drag, L/D 

6 components 

Design point 

Envelope & beyond 

Symmetric flight 

Alpha & beta 

Static aircraft 

6 DOF motions 

1% accuracy 

Plus or minus 

Optimize 

Cut & try 

S&C-chaHenged 

CFD-challenged 
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NASA has been involved with trips to different organizations to make sure we understood the 
level of technology and the needs of the communities. 


M NASA COMSAC Planning 


• Industry Si DoD tours 

- NAVAIR, Boeing Seattle, Lockheed-Martin 
Ft. Worth, Boeing St. Louis, Lockheed- 
Martin Marietta, AFRL 

- Most CFD applications focused on “9- LI” 
requests 

- Widespread skepticism of CFD’s role as a 
design tool in both S&C and CFD 
communities ! 

• COMSAC vision and framework prepared 
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Objectives of Symposium 


Improve communications between diverse 
cultures 

- Inform CFD community of S&C challenges 

- Inform S&C community of CFD state-of-the-art 

Share visions 

- What should be done? 

- How should it be done? 

Provide critique for NASA planning 


23 





-Day 1 - Tuesday, September 23, 2003 

- 

- 

*7:15 AW 

-3:15 Ail 

--frgn-ln fee Badg* .g#yf Wafc -s R*:a1*d ilal^safa 

- 

■Call**, J^e, 3l Lgfrl Bredtisl 

■£:15 AM 

-3:30 Ail 

*TlftTOdlElC*y fatnaffca 

'Da/fei Tenney , IMAS A 

'Welcome 

-5:30 AW 

-9:00 Ail 

-Inlrodiictan to O&ilSAC 

'Befc Hail, NASA 

3eujen 1: 
ftrarvlew Speakers 
SmJm Chair: Long Tip 

-9:00 Ail 

-9:30 Ail 

-CMicaf S&C Ia3u*s Ouimn-NASA Pstfapesiv* 

-Mite Ffemaux, NASA 

■9:30 Ail 

-10:00 

Ail 

-Efnefgng CFD CapdriHiea aM Oultoofc-NASA 
:F£fss>sc1aw* 

"Be* Bt«toAf Parf Pa&'Jim 
TlKMnas, NASA 

■ 

4 a.AA 

■IQ.UU 

Ail 


-Elf-saK 


- 

-10:15 

Ail 

-11:00 

Ail 

"B&fcs^9 C&rnmefcfli Pefsp&clw* 

tialft, fleets Searllte 

'Sess Ion 2a: 

Perspectives & Expe r le iwes. 

-1 1:CX> 
Ail 

-11:30 

Ail 

Paf-ss-Kltv* 

-Date Lsr-iEz , NadSrw 
<kusnfiwi 

-11:3* 

Ail 

-12:00 

PM 

MBtay Parapeclsv* 

-Lav* Eva^, Bcetiig Si. 
Lous 

SniJoi Chair: Boh Nall 

-1^:00 

PM 

-1:00 Pil 

- L-un-eh 


* 


*1:30 Pil 

'AFRL PefSftecUva 

"B‘j Blahfl/VWflfn Thwnas, 
AFRL 


-1:3* PW 

-2:00 PM 

-fevllHKMi ParajKcljW* 

"N&ai Pfeiffer feyllteMi 

'Session 2P: 

-2:** Pil 

-2: 15 Pil 

’fi/aasc 


hnpKtlwi £ Eiperleiwes 

-2:15 PW 

-2:45 Pil 

'NWAIR PiFSjteClsV* 

-Tom Lawrence, MAVAIR 

S«ul« (Mi: Boh Hall 

-2:45 PM 

-3: 15 Pil 

-Lrckheaf ilaflK Pe*-a pee live 

-Pradeep Raj, LMiteJ 
Martin 


*3:15 PM 

*3:30 Pil 

'B/ea* 

■ 

*3:3* PM 

-4:00 Pil 

H&ratog TaeA*f S&C Issues fe* OFD 

r&ii Homgs worth, B**^ 
Si. l2Xir9 

-Session 3a: 

-4:00 PM 

*4 :30 PM 

'NWAlR S&C l ErEsrj^-3 fflf CFD 

-Sieve Donalcfeon, NAVAlR 

5 SC Issues tar CFD 

'4:30 PM 

-5:00 PM 

'UseK&eed ilarM (LMTAS) S3.C issues foe CFD 

-ftiss migattiofth. 
LocfcSteed Martti 

St; sslan Cltalr . Ml He Ft erne lb 

- 

- 

HDinnef - On Tour Own 


- 


24 


Day 2 - Wednesday, September 24, 2003 

7:30 AM 

0:00 AM 

Arrival 


Coffee, Juioe, & Light Breakfast 

3:00 AM 

0:45 AM 

Issues, Challenges, and Payoff: A Boeing CFD User's 
Perspective 

Dave Bc^ue/Ron Dolli'Ray 
Lines-. Boeirva Eeaftle 

Session 3b: 

Vehicle Design Issues for CFD 
Session Chair: Doug Ball 

3:45 AM 

0:t5 AM 

Computational Simulations for S&C Conceptual fi 
Prelim Design 

Bill Mason. Va. Tech. 

0:15 AM 

0:4 5 AM 

Perspective on Separating Dyramic Stability 
Derivalives Using CFD 

Larry GraenMngala Spence. 
NASA 

0:45 AM 

10:00 AM 

break 



10:00 AM 

10:30 AM 

Boeing TacAir CFD Capabilities/lssues 

David Staokesberry.^Frank 
Berrier, Boeing St. Louis 

Session 4a: 

CFO State-of-ihe-Ant for S&C 

Session Chairs: 

Jrm Thomas and Bob Biedron 

10:30 AM 

11:00 AM 

NASA TetrUSS Capabilities for S&C 

Neal FrirckRaresh Parikh, 
NASA 

It :00 AM 

11:30 AM 

CFD Simulations For S&C — Boeing Commercial State 
of Ihe Art 

N. J. Vu, Boeing Seattle 

1 1:30 AM 

11:45 AM 

break 


1 1:45 AM 

12:15 PM 

Lockheed Martin (Marietta) CFD Technology Paper 

Rklt Hooker. Lockheed 
Martin. . 

12:15 PM 

12:45 PM 

Time Dependent Calculations for S&C using 
OVERFLOW 

Paul PaoRieter Buning, 
NASA Lar-alev 

12:45 PM 

1:45 PM 

Lurch 



1:45 PM 

2:t5 PM 

Application of COBALT 1o Abruot W'-ng SlaH using 
RANS and DES 

Jim Forsythe, COBALT 
Solutions 

Session 4b: 

Application of CFD to S&.C 

Session Chairs: Neal Frink and 
Larry Green 

2:15 PM 

2:45 PM 

Computational 5&C Techniques for Unsteady fi, 
Aevoelasbc Effects 

Dave Schuslet, John 
Edwards. NASA 

2:45 PM 

3:00 PM 

break 


3:00 PM 

3:30 PM 

Hinge Moment P red ictions using CFD 

Matt Grism-er. AFRL 

3:30 PM 

4:00 PM 

CFD Simulation of Aircraft in Coning Motion 

Syta Saephan. Case van 
Dam. UjC Davis. 

4:00 PM 

4:15 PM 

break 


4:15 PM 

4:45 PM 

Qualification oF Large External Store Carriage for F-15 
Us-nq CFD 

Jeff Bail a, Eg Jin AFB 

4:45 PM 

5:15 PM 

CFD Predictions of Aircraft Fallling-Lea r ' Characteristics 

Eric Charlton, Lockheed 
Martin 

3:30 PM 

0:30 PM 

Group Dinner-Lecture eniilted "The Challenge of 
Flviro the World's First Aircraft" 

Colin Britcher, Old Dominion 
Univerahv 
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Day 3 - Thursday, September 25, 2033 



7: SO AM 

fi:00 AM 

Arrival 


Coffee. Juice, & Lsgftt Breakfast 

8:00 AM 

fi:30 AM 

Uncertainty in Computalio-na? Aerodynamics 

Mike Hemsc", Jim Lwcknng, 
Joe Momaon. NASA 

Session 5: 

Process an-d Validation 

3:3-0 AJV1 

0:00 AM 

A Besl Practices System lo Enhance CFD in SAC 
Ap-p 1 cations 

Mike Mendenhall. Nielsen 
Eng & Research 

Session Chair. Paul Pao 

9:00 AM 

0:30 AM 

Dynamic Water Tunnel TesUfg for Code Benchmarking 

Bro-Ske Sni:1li. John 
Hodgkinso-n, AeroArts 


9:10 AM 

<*:*$ AM 

break 



9:45 AM 

10:30 AM 

NASA COMSAC "Si raw man" Plan 

3co Hall. NASA 


10:30 AM 

10:45 AM 

Prepared R&aimap Feedback 

Pradeep Raj, Lockheed 
Martw 1 . 

Sesslo-n 5: 

COMSAC: The Road Ahead 

10:45 AM 

11:00 AM 

Prepared R-^afimap Feedback 

John Clark. NAVAJR 

11:00 AM 

11,15 AM 

Prepared Rcadmap Feedback 

Doug Ball, Boeing Seattle 

Se&ston Chairs. 
Bo-b Hall and L-on-g Yip 

11:15 AM 

12.00 PM 

Participant Feedback 

All 

12:00 PM 

12:15 PM 

Summary and Wrap Up 

Darrel Tenney. NASA 


12: 15 PM 

1:00 PM 

Lunch 



1:00 PM 

2:30 PM 

Strategy for Advocacy 

parrel Tenney, NASA 

Session Cbalrs. Long Yip and 
Jim Pittman 
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Closing Remarks 


The next major breakthrough in S&C capabilities will 
involve CFD 

- Sophistication & capabilities of CFD rapidly maturing 

- Barriers (cost, time, etc.) are rapidly falling 

Coordinated, focused effort will accelerate this 
process 

- NASA can not accomplish the formidable task alone 

- Seek your comments and guidance on how to proceed 
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